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(54) Title: AN ULTRA WIDE-BAND COMMUNICATIONS SYSTEM AND METHOD 

(57) Abstract 

An impulse radio communications system using one 
or more subcarriers to communicate information from an 
impulse radio transmitter (901) to an impulse radio receiver 
(1400). The use of sub carriers provides impulse radio trans- 
missions added channelization, smoothing and fidelity. Sub- 
carriers of different frequencies or waveforms can be used 
to add channelization of impulse radio signals. The impulse 
radio uses modulated subcarriers) for time positioning a 
periodic timing signal or a coded timing signal. Alterna- 
tively, the coded timing signal can be summed or mixed with 
the modulated subcarrierts) and the resultant signal is used 
to time modulate the periodic timing signal. Direct digital 
modulation of data is another form of subcarrier modulation 
for impulse radio signals. Direct digital modulation can be 
used alone to time modulate the periodic timing signal or 
the direct digitally modulated periodic timing signal can be 
further modulated with one or more modulated subcarrier 
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—*j>y<DitmzLmm*<<( $ 1 o o 4 fcaww-a. mnaeiMB 1 

0 0 8©U*Wfffc^§y/ttfi o 1 4 
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So 

say-* lois^ D-7*c*VT&$ims£Tfimmui o 2 2^it«ft^i 0 

v^iri-^- £*s-c#£ P ft^it?<< S>^fH§-i 0 1 4 y TSSfS^ 

^ 4 2 y v (Dixon) i^fitfeJ; 5 t^tyrit r^^yr^^ii^ 

-^y^^ yr^^it/^^i 0 2 2\*mmm^i o2o-e^$nOT 
-u-^^yrfi^i 024^1, ^i^^^f^yr^i 0 2 4^mt 
y r^r^pg^i 0 1 e-^-rSo 0*9, ^imtyrMi 0 2 4« 
, ~(D^\cn, nwt*>c z^rm^i o 1 Ax&z^JrVTzmm-rzttft 
v 7mm&m& 1 0 1 e aMsM-r <5 0 y resp^pm 1 0 1 

e^zzft^-ikfj 0 1 4^ra^t:U^^^ Vi/ft-^ 

1 0 2 6 £r£j£ U ^H^ffl^©: 1 0 2 8 ^iSffl £ *l6o 

0 2 811, by iSt LT^fibtfc^^^y^tl 0 2 6^ 

% MS 1 0 3 2 ^rgfi urMr yft 1 o 3 o^ffl$ti6o n^tt^s-V- 
o #3S«smu::J3^t. ««^^tttw*«*i 0 1 2^^n, 9^*««*n 
^ltv^v>) — #asas«^i3v^T. -scampi 0 1 2nr7>r k 
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Vzf**r V 7&±»&£Tm.WI& r^j 1 0 2 2CDi£{§S§9 o l — <ai6jtai*# 
x ^^7l£2£lSfG^5a3& (non-linear modulation tranfer function) \Z& 5 j§5P9ft 

&A&j:tf*iisi o 2 2tt^s3fc£SB (fm) % mm&m (am) , tessera 

, (FSK : frequency shift keying) , ttttflHHffl (PSK 

: phase shift keying) % /^FM, -tOte^SfifK: J: *) 1 0 2 0 "C 

wmtyrwi o 2 4^*^-r<5. mtyr«wi oi6iit 
nmtymi o 2 4 ^ lt^^-< ^ y ^et 1 0 1 40/^ 
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x t L-c<£/8-et s o &mD-7** y rm^ 102411, n^it** $ 

10 1 4<D'</l'X<Dtiim*1%^>7 h1-*fc£KU-:/3rY V 7^SI«1 0 1 

<d i ooast^^t y r*&*ki-z>vzf*\ y y&±&& *tf&sss§ 102 

-y-^Y y T«^«*5J:t«C8l«l 0 2 2 • 9 s*a!"CiHrt- 

fcfct^ ^*-co;j&& P N =1 — KS5 fctt-fr^** y T£ tt, »J©a* 
3o WT<OIII.2(b)*^->3 VT»»lcR?«-rSi5ir, >f^/W«7^g 



-43- 



£ 0 «E*BHfflA*ai»UT«#0*V^^A'^ • 9^fi»^tt^-t-5 0 r 

o**s«-ef± % mmcm i o o 8 1 if:/** y ri«mzm i o i e a* 

&«fcit«6|l3*l 0 2 2^««m*1 0 2 0«:ta*i-S. Sfclc, 

r»^«*5j:^ae»i«i o 2 2ftmt!;r«mi o i e^mmv?* 

* y rm^r 1 0 2 4 $rttJ^i"^ 0 t^t SI Tf$fHJ£PIS§ 10 16 tt&PiJ-;/* 

y 1024 «t*m L-cj3«**f * 1004 fcttiMnueiiu 

= — K- V-^l 0 0 6ft H*<&fca&iCja#*>f 0 0 4*rgfe 

KB^MSEBiSi 0 0 8— 3— K»*l 0 1 0&mttZ o a— KftlHHC 
PSgl 0 0 8(ia-K«»l 0 1 0«rffl^T2EW^-f 1 4 0&£P> 

k*bmhueiiu 1 4 2Sr^t5, si o 

m#i i 4 2tmtsWL \ o 2 8^^^^a 0 hi o k<nmmvmcm&\^iz& 

4>s</V7s - 7^a»»f4«c*t«-g-i 0 1 2?rtH^i-6o 

W?5£fco^#3#<o*JE©0&-Cfc*. Si o £131 HcKKUCRHLfc 
±!BO*16WB:*iIfc b-C^S*tfct>^>"C, ^ftlcMKdftS t>6rcttfttr\ ^ V 

204 srAa#-rSo jpih§ 1202 r*=»- kkih?-^** y rflr* 1 2 o 
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1 2 08HS1 0<On- WK^tt^t y 7^K^1 0 1 6co*Btg 

i 2 o s&m^xmwi*'{ z isrm^i o 0 4^u s^^ttfc^^ ^ 

^?mttl 0 2 6$r^-T5 e Si 2 0^ff^<0^»J<Oi3iU^ Vhttgl 0{C§3 
^bKSUcollffi^Ki^X, SCWtt. 0 2 0£/8v>X^-Kfi-J§-l 

0 1 0 &WL&&m~r 5 ^ <t -cnx. 60 3i^LTfc6 0 dd&^i 2 

0 2ii3-K«»i o 1 otmnm^i 020 t&&m mm tt, &gsm-s§- 

1 3 0 2£^^S J;5lct?|j£LXfcSo K • 208tt 
. 2CW«*i 3 o 2«:Av^r«fl^W^ 00 4«rKHU fcH#*ft; 

Lmr^f 1 0 2 6^%^-r6o SI 3 <Dgff »<Dgfc 0 <Dai U^Vhtt 
2o(DHiS0tJ«, e-^y^yttt fyv^^^i 3 M • y*J 

So 

m.2.b ^mss 

* - 5*J±3t&»9 0 3lcot*XI2ll 4$r#J$LX!ftl^i-<5 0 

^ • 7^SflS (KTSflTS&iV^) 1 4 0 0 tt^8BLX3fcrt:-f v 

✓Vu* • 4 0 4 $:^mi-5fc«>£0^ftT v^-^ 1 4 0 2 §r^tf e 

ft LfcfM- 1 40 6H, ^ftryft 1402 fc*«$ftfca*i»aHi*ft 141 
0'«raftbX»SftB8*l 4 0 8-A^$tt5o 

1 4 0 0 tt^=* — K • y-* 1 4 1 0 fcfWartEWrW^r-^ 1 4 1 4 
«tfo 7 f = J — K • y-* l 4 1 0(4, ^UXXfcft*! 4'0 4«rSMUfcBHi 
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«D/^^^J^t?^M^^ ^ 4 1 6££/£1-*o 4 0 

6ta#/^Kxr*#** • ^r/^^/V - ^^0«^(derivative)IC««+« 0 
H l 5 HSflMBl 4 0 0 *OB2|-C£«bfc«#l 4 0 6 lc*t&i'Z'<A'X i 

5 0 2 4>ftStttt:/p y Y /^AO* 1 5 0 2 fi, 12 3 <D/*/V* 30 2^1^1 

km&<D&j&*jri-z>m&*r;i}-'(?/i" s<as* r r^-*- 1 4 0 2^a# 
, 1 5 0 2i*&teLfcmjaE£ftSo 

El 6 tt4a2fa§§*0:31£r*H- o Ml 6 Wi'rV'^u— hfi^/u* 1 6 0 2tf>& 

0 6 <Dwm*7*~r 9 i»i 6 04 nmm&M-crztt^t^ sfiifcMi 4 0 e 
-e#bix^Ba®E^t>-ro &m\^izm-% 1 4 0 6 os-a t b^ao* 1502 

v^SCHSi 4 l 8-dftjejSfta 0 

U FM, PSK, FSK, &XX*^** = X*mv>V7**V7-et3L* i^P^ 
Ull 4t^M6^r, 7*=*— KM»PflH§-l 4 1 2*5J:t/JS«l^^5^^«*l 4 1 

6 f*7^- k • ^ is?mm& 1418 -e^M$H6 0 7*=— k • 
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1 4 0 6$r4SS^a^i 4 0 8-Cgim*rt5<t plc/i:5o 

ftssnsi 4 0 8-cn^T^n^^m^»^3^K^i 4 2 0 tsfitfc 

ft-^-l 4 0 6 £<D*B£|g|3giS£^t>o ftS^^^P^lc^^lS^^-^^ 
^Kff^l 4 2 2££/£-r5 0 II. Air* So y«^LtJ:5li, ftSffigl 

#3IS«fc:*5^-c\ 1 4 2 2 tt, 1^** yr-f3^i 

4 2 4 X-mm^flX^Zf^r-r y T^^*$H, 1 4 2 6 £#S 0 & 

w*««* 1426 i*&fis§<Dif um^tmwmcm-X'&z (isiooioi 

P.y<> 4 2 2(ln- 1 4 2 8^t)A*$n5, n<- 

• 7 4^* 1 4 2 8fe£&MJ|M'— Zfl 4 2 9tt v *9HI*1 4 30$r4 
^UTW^-7oi-Xi8SESrSi«prtE^ra-<-^ 1 4 14K1MU gwut 

«»1 4 0 6OMi:Mt5^^^Wl 4 1 6<0B*Mttfl«<$ttST» 

9, vM*** h«St»(Nyquest frequency) 3; "CJS K^i^V >S^>f5. 
tf^|j> 1 . 4 > ix— ^ £7f!^£>f • 7^^(i, ^ h 
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So 

FMt^t!J7|ll^m 7ai-X- uy? K-/1— ^ (PLL) Mftft 

^$r^i-5o x - n ? * k • /^—^^srt^ftm^-o^v k*s 
in. 3 2*fctt^tt«±©*^^yr • ^v*^ 

01711, 3 o©f^^rt y T*£S/3eW# (SC GEN/MOD) 17 

0 2, 1704, i 7 o 6$:tu ^^^Si^^^^yr^K^^-rs-f 
^-ci^-c^ur&s) tef-^^y ngfe#/SEfi»i 0 2 2^^(30 t>o~c 

m-J*ffi%kV^* (VIS: voice information source) 1 708}i, % 1 COIJ- 
^^yTft-^ (glTjHfr-f) <Dmfo<Dtz#>^ »1 7 2 2gfiWdrtyrM 
3§/^f^ (Bl 7-msC GEN/MOD £B&fSLTfc 5) 1 7 0 2^ftf& 

^ns. fBi^mty rm^n. v?** y r^^«/asmii 7 0 2-ert 

DDS : digital data source) 1710(1, ft 2 <Z>ir:/* r U Tft^^HcD 
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(?Ltztts<x) 1 7 2 4gi"CS2 Ot^^rt y TMS/^iS (@ 1 
7-CttSC GEN/MOD£B§faLT£>5) 1 7 04^M$n5o MK:, 
Tit* J\^$m&V~* (CIS) 1712(1, B3<0^y^r^yTft-^^cD 

fcfcfi* (^fcn^) i 7 2 6g*ti3omt yrae^s/^sis (@i 

7TiiSC GEN/MOD t E&1£UTfe<5) 1 7 0 6 — #i|&$iT,* 0 M 2 £ 
3 o^^^r-y y rf^r*. u-t'* ^ y T35£S/&83« 1 7 0 4 . 1 7 0 6 "C# 

>^«5*t*d^ y r&±m/&m&i 7 2 o^a^j 

t^^c i s i 7 i 2^y^ • 7i?*$tm&^mmmn&&mrz>* 

3ooS6si^^ir y r«*tt. 3oot^^yrMS?/Wi 702 

N 1 7 0 4, 1 70 6^^1 7 28, 1 7 3 0. 1 7 3 2 &E&-Cffi2l Ztl^ M 

nt£\m 1714 -e*n*£*ia 0 #e>H*:fM- 1 7 1 e tt.v7**r v rttmsmg 

1 0 1 e-^fflSft, S>^fi#l 0 1 4&£SSiLT2Ei5!8F# 

3BBS1 0 1 6^bffi**n-52E»!¥*fl:bfc^>f$>^«#i o 2 6tt, mtf 
mi 02 8^*»*n, W3tLfcj:5ic3Bcit«#-i o i 2£ uranft^nSo 

*<> mi 8*3<j;tf0i 9<oa«*oa*»r— *7-^^^«:bii 4<onj£^j*fc 
Sisii, ft*»<er^o ^jas«-cr±. *ss:*ig§3£ uost rtt^<« 

gfccOT cz ^FM^^7 LT^-So tBSftgi Lfc^-^V wi-s- 

1 4 2 2(1, 014 fc©HiS-c»»UfcJ:5l2:, S««*l 4 0 6^P)^$tl 
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*W 0 frzf?^"? (#&) tt^yK^7^ i 8 o 2 («*.r*LC3l*fc 

Wc^^y^-K- • ^ -f/^ (switched capacitor f liter)) t 7=.— X 

• uy^ K • A* — ^ • -fnyp 1 8 0 4 S:«f LT 1 oof t y 7 trttWt 
So o*?K 3o«4tT, Rl^lCiSflrStLfcflMRfll*^a5c$Jx, OUTP 
UT l-3XfiJ£!T?;*5£5fc:fc£ e 

Ell 9\z.mmVit?*i?*;v$mM'?tis ftZfclSLfc^— ^VKWl 4 2 
2ttT^P^-7 f ^^A«|ft« (A/DC) 1 9 0 2^ffiV>r7 f ^^/Uft^-(C^ 
^HSo ^^/Mt^o-fey^ (DSP) 1 904, «t«*^tTM 
S 3 20C40 (^^^^f^y^^ntB, f^t^^7^) 7 

^Mt5o ^^/i«Wlfctt««:7^^;i'-7tB^ftS (d/ac) 19 

0 6^^UTT^u^^$iS^|?^$^ OUTPUT 1-CfiJ^pTli^^ 
So ^—*^raft;ft£ft£a^;h4^ 

*»feOUTPUT2"CK»«ffl"5nBJC*-5. M»«*aStt*$jK**\ 
*Jl^lCt>^A«#^Ptyf^6inBOUTPUT3« 
-r-^n^aESHgi 9 0 6fcJ:S^^yv-r^a^K*^ST*««*5ri6lc*5 
o IMW-^F-* y T©iiJnB>f • 9^*«»©17-f K^v Ktt&tClMi 

iv. «Mxn# 



(#J;ttfl 00 8) fcf^ty7^3EISS («tlJl0 16) , ftfctflca 
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m> (Witrf3-K«#i o 1 o$fc^nmti)7Mi o 2 
4) &&£-tz>tftmzLtzt^xm& m*.tfmmf<< $ ^rm^i 0 04) & 
&WM&tnt&m&&bz. 0^9. &*<r>$tm& Mi«ioo8, 1016 

S§tt'M "J"!) -^fgl^f3£8i(binary-to-time delay generators) £P£f£H5 

o 

-7^ffig$Htl^MC 100E196ECL (x^y^o^y^) 

1 5 7 p s (f zi^) SSco^MSStt:, 9 



v. st^b 

e 

IB I V*TRWUfc*IB«o|B|«*<Wfc-J-*fc*i>, «WO«Wtl4, ^ 

fcfeoflUBflsMSJ'-- Ka-^y— (rom) aa^u-cv^w ^t?o 
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<Ds*<<i-}) -m$mm&&&<DmMz i57 PS o«piaaHfiSr*^5*aifi&* 

jfi»^»W:, ^2006"C^tJ:5^ mBt+& 1 5 7 p s -Cttfc< . J^JlSp 

HE*rfe*"r6fc«>lctt, ftlS2 0 0 2co^C2 o 1 o-C^Lfc<fc pic. ScffltAA* 
1 8 $rA^LT0fM<o51Ml 5 7 p s 

^s^ftwso^w-if^sitis^rso^— uv^ % muter* 



mmtT-?, ttfivyf^n, awfty-K«*^y — • **y (rom 
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iij^fkROMA^a— mneiHi 4 0 8— twrrsggu:. jelv^i 5 7 p s 

ROMttl 5 7 p s £>#jftt v-:7 h(0fc*0l0(08 tTy h£fctt£« 1 5 7 p s 
<0&[6j#V7 h<E>fc#>0^2<D8 l^y hgrti^fBIti**. 1 5 7 p s h 

■.fciaii:.t)0»iiit5iiicft«t6. 
v. i atflrs 
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(212 ltt&mz*%±te<DmB1ktt*^l&i''</i'-7*v?BL-Z*>& 9 

^ 1026 t»BR»tJi, a»^^yv»-wk^-r 5 >?m j %2 1 0 

2tt, 0 2 \ <nzfu y tmzm^tz.X:b\c KttlHKIMIi 0 0 8 -e** 

y-*l 0 0 6^f5, «»^-Y5>^«*10 0 4W:3-miBlSeiH»l 

£4>Xlkffl H Ctt, a— KV— X 1 0 0 6 fiT Kl^-y&^V^ 2104£2o 
©9-K'*VP-^*!l (ROM) 2 106. 2110£r£tf. 

JBJB^-f 5 v^flr»i oo4ii tyu* -13*7^*2 i04^y^y^y 

^•*^y^2 104fi, JS**^ 5>^ft*l 0 0 4 0^/^}COV>tl 
5 If y h(|07 2 1 0 5 ZmiJ-tZo 

7K^ • XVlsfZ 1 0 4d^it$nfcTK^2 1 0 5^1/^tPN 



— KROM2 10 6 ^rT^-fe^1-6o ROM2 10 6 ttf tOT^an(DPN 
($£^7 >^A$t# : pseudo-random noise) a— K&IBttH-*. ( 
EEPROM. RAM. V7h^^, ^^M^^^yif SrIMTt 
So ) T • 2 1 0 4^btti^$Hfci#r 2 10 5f3ROM 

2 10 6<OfS^n^r— iXg V&T^i?;*U ROMIi^tll-MtTPN^- K 

2108 (i 5 if y bPN=*-Kasa*Lv*) &ttj;*rrSo c»ae«>j:5ic % p 
mmtf—^^ «rom2 1 1 o-er Kw^^ig^n^r— ^^lett 

£*t£o BMi'C7 : —?\±, »ROM2 1 1 OOT Kl^^A^7— COT K^x ( 
KiJxtf. 1 6 tfy KW*H Mt(iPN3-KROM2 1 0 6^b^$ 
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*L6 1 5 If y Y PN3- K2 1 0 8 ffiWiy— * 1 0 1 8frb®&£flitl \f 
v Y • ^T&fA' - • V— * O10O1024 K$lEt LT^i 2 1 0 7 ~C 

. *W*S»TRWLfc.fc3fc. -S-^iry 738&SS/2EOTS 1 0 2 2£M£E-r* 

f^tyr$r^f5 0 c<o©£\ -^^^ y ris&s/sewsi o 2 2t* 

s »J^kROM2 1 1 0-1 tf y h • yrVf/V. 7*—?mJ2r (H^2 1 0 9#fi& 

rom2 1 1 otij&mt&mf'f 112 mi 201 20 6*3£t* 

01 3<D1 3 O 21C*§&LTV>6) ^W^3i-5o ««ftSBW^-f ^ V^tt^ 2 1 

g®3&£Si) -^^ix^ 0 n- K^nsens loosii, uwam** ^ > 

iS^kROM2 1 1 0n % PN^ — KROM2 1 O 6 a»fef§{& l$P^>Sj£ 



&&jE\s<mi&1£1-Z>ti$>\zm&4k7 : — ^SrlSS-fSo SMROM2 110 — 
5 Ify hHa7^A3-K2 108tt, j&7^fcROM2 1 1 0 

— mmcmtzfiZTi?* /is - v 2 1 0 7 ©^spik:^ 2*1,57* 

*ifww3Bffi«r*frucv*s 0 z^mmm-cn. 2^15^ (23, 7 6 8) is 
oa^^^raasiss^Mv^aisfisi^Wf^^^Frav^ h*tztmi&mo<D'&fa 

E!2 2ttjSS?EHbROM2 1 1 0 «r^»tBH-C*>5 0 13 2 2^^ 3 y2 
20 2t2 2 04tt, #*i^<fcT K^^ifiT K^tr K 
ROM2 1 1 0ft!f&tf>fBt£n^r— >3 >£r^fc>LTl^ 0 r<b#j-e«\ #*<Qfa 
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OM2 1 1 Oftmz&fa£ tifty?- ?t±^ 20©^;^ vtr—i V2 2 0 
2 <D^-* t P tr-> 3>2204 <£>7*-* bH<5 0 $ 1 O^/W-^CO^ 

— 1? (n^> 3 y2 202) rt* • y-*2 1 0 7as«*.tf 

V2 2 0 4) fcHt*ftTVN*|^{b5 f --*rtt x iri^/l- • 7*-* . y^ 2 1 

0 7&vmmo <omz4&mtsfrzmi&{kT-*&mt>vx^z 0 o**?, rom 

£U£>fcROM2 1 1 0<OT<fcl 5<®OT Ku*A^JW0£;ft,5 1 5 h<D 
PN=3-K2 10 811 m$ll,it*tr-: >Sb > 2 202tfcfj:2 2 0 4C0-fey h 
^^e)^«O^^ROMo^i/ 3 y«ftROM2 1 1 Od^tH 



2 10 4 l^-(DPN3- K/«»ROM-s7 ^^^^A^-TSo ( 

T&5 0 HI2 3TMi:, PNn-K^ia^fl:EPR0M2 3 0 2 <D&7*tt*m^ 
mnm^r2 3 0 4^t5 o PNa-K^fta-K^yf 2 3 0 
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02 3lc|g^b/cJ: B£f^<— *1 00 2£:/8^T, 02 1 £<E>Baig-e 

x ^-<— *riVC02 3 0 8 ^n^7V^^2 3 1 0 |C<£ o TH£&£ 
HSJ:?|C0^L-C£>* o VC02 3 0 8 ^o^^^W^i^ 3 1 o-CH 

02 3^S^L^HjKS^{Cj:nrf. i}*7l/2<0*?— h •^•^nyn 
3 12, 1jV>#<D* Y*j~f • s<—Z? • ^o y ^2314, *5«fctf;fr * V^tf> U 
^y h • =i>v*U— * - Zfny^ 2 3 1 6 jftS^jh/CV**. # * > * <D * * — Y 
. - ^0^^2312^ T K^3S4S2 1 0 4^§8*&X K^^t 

— • ^ny^ 2 3 1 4te;fr£V*CE>y h • nw<U— ^ • s+u y? 2 3 1 
6^7K^ (dtvfcl 5f y h^MSU^) ^«»UTf»Jhr K^^W 



^tf\> *")^(D!J;yh' 3>v<lx— ^ • yny^ 2 3 1 6 Kff-^2 3 

1 7££j£U mib<DT KW^OM:®S^U<^ 0 fc^p{ccr-Km^-2 3 17 
SrT K^»4*2 1 0 4'vKaH-S. K«*2 3 1 7 0^fttC^LT, 

* 2 3 1 2-eJ8J££*x*:l 5 tfy hX K^^fc*^yhS:Mt5o 
EPROM2 3 06tt, jjV>?<DX#— V • ^ 
lt&iz£L£:«fc?lC. PNa-Ki:WEPROM2 3 0 2 (Dj&^^SrJB^T 
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8 \f y h 2 3 0 4 SrfefcU mMSHMSl 008T 

**i"^<t*nBjBi***t>-t- 0 KB»nx»i# ioosh, £381*^ s 

1 0 0 4 fcjfl^-cHWflsit $&«#2 3 0 4 Ir^TOIfSStS, 3- miH 

it* j s v*TM-2 102 ^m^-t-io 
ei 2 3 icei^ u^^M^tt, FMt^t y rams 2 3 1 8 t>^A/-ev>;& e 

FMf-^^r^ V Tmmz 3 1 8ttjEa««-g-2 3 2 0 =Sr^i-5 0 jE«««» 
23 20ft, HDJH|2 3 2 2-CV<— ^^K-*- "T 5 ^*- y^2 3 4 4^?> 
ffcl&SiT/fc^— *'<^K • t^*{|t2 3 4 2 <t*Dir£*x<5o ^-^yK 

f^*-- y—*ntfmv*-xi 0 1 s^-cfcsr kicftt*ftfcv\ 

aOjMg 2 3 2 2 ft , El 1 0 £ <&B«*-C«r3zE Ufcco £ EMKO^Jfc^ y 

rwncMii 0 1 6«s«uii-«mmr*2 3 2 4*a«rt-a. ^ w^w* . 

7^*»fflr»-C«»bfcB», *5cS ft 2 3 2 0fWV^ • 7^ 
**«*-X?«(l»fl|-8- 1 LT^M-Ct 5 0 $ , EI 2 3 ICHI^ Ufc-f - 

ei£-ra«-*$:iSHrra. m^3o<^^5r^-rs^ft, 

^2107, Ett»«»2 3 2 0, *5i:t^<— • *-fi# 



2 3 4 2 Sr^t?o 

rft£(*IC« 023^ny^2344H H l 0 t <oB85g"C«rifibfc J: 5 
*^**yr»»/MWl 0 2 2-Ct*»i^ *fcft^ny^ 1018t 

23 1 8£gll 7^oH3*T«irabfcj:5*^*^yr*^«/aEw»i 7 0 
2, 1704, noeoiotf^ia^t^-et^ 

se«caijo^ifi0ii«cj:*Lwr, iasKr^^y^«F-»ft^^ %isym^2 1 o 2«m 
tj&i o 2 8-NttSA2rc#s. wcoi^jg^-cft, ^^^x*-##fb&s|lfT 

V.2 £ff3& 
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Group l<b): claims 2.4-12/2, 16- 1 a/2 .22-23 a (apparatus claims) and claim* 55.60-62/58 (method claims) are directed to 

a transmitter as shown in Fig. 1 1 and having a speeisl technical feature of a time modulator for time modulating a 

siibcarrier modulated time signal using a code signal and a nodulated subcarrier signal la the traiusratter. 
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Group EL 11(b) claim 55 (apparatus claim). 
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